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The ability to manipulate acoustic and elastic waves has proved crucial both for practical applications 
e.g. high-frequency filter in smart phone, as well as for fundamental physics research e.g. coherent 
manipulation of quantum state. Recently, the introduction of artificial micro- and nano-structures, such 
as acoustic metamaterials and phononic crystals, enable to manipulate acoustic and elastic waves at 
unprecedented levels. This work demonstrates the manipulation of elastic waves in thin-membrane 
phononic crystal waveguides by making use of dispersion and nonlinear effects. In our system, the 
dispersion and nonlinear effect can be modulated by device structures, which boosts the usability of 
elastic waves. The device is fabricated on a chip and electrically actuated to generate intense elastic 
waves, thus offering the advantage for integration. 
 The main purpose of this dissertation is to investigate the manipulation of elastic waves by dispersion 
and nonlinear effects in engineered structures. In order to achieve this purpose, we have manufactured 
our low energy dissipation waveguides using high-crystalline-quality GaAs and semiconductor 
fabrication techniques. The low energy dissipation is crucial for investigating nonlinear waves, and 
design flexibility is important for practical applications. Using the device we have demonstrated 
dispersion induced elastic wave focusing, and we successfully demonstrated nonlinear elastic 
phenomena. 
 
 This dissertation consists of 5 chapters and is organized as follows. 
 
In Chapter 1, we introduce the governing equation of flexural modes in MEMS/NEMS resonators, 
known as the Euler-Bernoulli equation, and show that this equation can be transformed to the 
nonlinear Schrödinger equation (NLSE) which governs nonlinear propagation of wavepackets in 
elastic waveguides. Then we review the recent progress of micro- and nano-structures, phononic 
crystals and phonon waveguides. By using phononic crystals with phononic band gaps the phonon 
band structure can be modulated for application to sound isolation, heat manipulation and 
unidirectional propagation for elastic waves. Then, we review dispersive and nonlinear elastic waves 
in a solid crystal and its surface. Finally, we present the aims of this dissertation. 
 
In Chapter 2, the sample fabrication technique is described. Then, the details of the experimental 
methods for the temporal and spectral measurement are shown. Finally, the used numerical simulation 
methods such as the split-step Fourier method and the finite element method are described. The 
split-step Fourier method is used to calculate the NLSE and the finite element method is used to 
calculate the phonon band structure of a waveguide. 
 
In Chapter 3, we show the effect of dispersion on elastic wave propagation in a phononic crystal 
waveguide. Firstly, we show the experimental method, the properties of the waveguide such as the 
group velocity and group velocity dispersion, and the theory of wave propagation. The dispersion 
                                       
4 
effect determined by the periodic geometry of the device induces frequency chirp and temporal 
broadening in propagating Gaussian pulse. As theoretically predicted, the pulse width is increased as 
the frequency approaches the band edges, with a good agreement between the experimental results and 
the theoretical predictions. Secondly, we leverage the dispersion effect to demonstrate temporal 
focusing of an ultrasonic wave by chirped inputs. We observe pulse compression close to the Fourier 
transform limit. Finally, we discuss the third order dispersion effect. 
 
In Chapter 4, we realize nonlinear elastic wave propagation in a waveguide. In order to induce the 
nonlinear waves, a special device with the length of 33 mm and interdigital transducer (IDT) electrode 
is fabricated. The embedded IDT electrode can induce geometric nonlinearity with a moderate 
excitation amplitude. In this device, we demonstrate the most fundamental nonlinear phenomena of 
self-phase modulation (SPM), cross-phase modulation (XPM) and four-wave mixing (FWM). At first, 
we introduce the measurement set-up, and describe the theory of nonlinear phenomena. Then, we 
investigate SPM by measuring propagation of a single pulse. By solving the NLSE and comparing it 
with the experimental data, we can estimate the nonlinear parameter of this device. Next, we 
investigate FWM by injecting both strong pump pulse and a continuous-wave signal. The dynamics of 
FWM is quantitatively captured by the numerical calculation based on the NLSE. The results provide 
evidence that the transmission property of the signal, pump, XPM and idler waves originate from the 
elemental nonlinear effects of the SPM, XPM and FWM processes. To the best of our knowledge, the 
experimental demonstrations and analysis of this nonlinear effects using on-chip elastic system are 
reported for the first time.  
 
In Chapter 5, we summarize our results in this dissertation and give perspectives to guide future works. 
This work is the first experimental demonstration that nonlinear elastic wave propagation can be 
described by the NLSE, which so far was only theoretically suggested. The NLSE has been identified 
in a wide variety of physical domains, and a number of fascinating phenomena is predicted from this 
equation. It is therefore expected to unveil notable nonlinear elastic phenomena with further 
investigation. 
